Introduction
============

Intubation difficulty is a common problem that anesthesiologists can face every day in the operating room. An unexpected difficult intubation can be very challenging to an anesthesiologist and if it is not managed properly, these situations may expose the encountered patient to significant risks \[[@B1]\]. The prevalence of difficult intubation varies widely from 0.1% to 10.1% depending on the definition used \[[@B2][@B3]\]. There have been many definitions and methods to describe or predict difficult intubation, but predicting difficult intubation is difficult with low sensitivity and specificity \[[@B4][@B5]\]. The Cormack-Lehan grade is a well known grading system to predict difficult intubation conditions during direct laryngoscopy \[[@B3]\]. A patient presenting grade of 3 or 4 in the Cormack-Lehan grade is known to be in high risk of several intubation attempts or intubation failure. The American Society of Anesthesiologists (ASA) defines difficult endotracheal intubation as three attempts at endotracheal intubation when an average laryngoscope is used or when endotracheal intubation takes more than 10 minutes \[[@B6]\]. However, the Cormack-Lehan grade only predicts the possibility of encountering difficult intubation and the ASA definition is used to describe the occurred difficult intubation. Both of these definitions are inadequate to represent the whole range of difficulties from the predicting and finally confirming difficult intubation. Besides, we often experience various degrees of intubation difficulties even in patients who have no predicting factors of difficult intubation.

The intubation difficulty scale (IDS) is a scoring system for evaluating intubation difficulty, which takes into account of both subjective and objective criteria \[[@B7]\]. This score has an advantage over other scales in that it can predict difficult intubation by the Cormack-Lehan grade and assess difficult intubation by the sum of final score. The IDS has a baseline score of zero (an intubation performed under the fully visualized larynx, with little effort, on the first attempt) and the score increases in relation to all efforts of an anesthesiologist performed to achieve a successful intubation. So this scoring system can evaluate various degrees of intubation difficulty and represent the progressive intubation difficulty.

This study was carried out to evaluate the prevalence and characteristics of unexpected intubation difficulty using the IDS system, especially for patients who had no factors predictive of a difficult intubation before induction of general anesthesia.

Materials and Methods
=====================

This study was approved by the Institutional Review Board of our hospital (AMC IRB: 2014-0967) and the necessity for obtaining informed consent was waived since this study was a retrospective study which reviewed the medical records of patients. We reviewed the electronic medical records of patients scheduled for elective surgery between December, 2010 and February, 2012 at our orthopedic center that were older than 18-years-old and whom where scheduled for general anesthesia requiring endotracheal intubation. Patients were excluded if the first attempt of airway management required a different method other than endotracheal intubation under direct laryngoscopic assist (i.e. fiberoptic laryngoscopy or a supraglottic airway device). The patients who was expected of difficult intubation and those who had a history of difficult intubation at the preoperative visits were also excluded.

All patients were positioned in the sniffing position with the neck flexed and the head extended with a pillow under the head. Standard monitoring by electrocardiography, non-invasive blood pressure, pulse oximeter, and end-tidal carbon dioxide tension were applied before induction of general anesthesia. In each patient, the induction of anesthesia was standardized using propofol 1.5--2.0 mg/kg for hypnosis and rocuronium 0.6--0.9 mg/kg for muscle relaxation. After 3 to 5 min of mask ventilation with desflurane or sevoflurane delivered with oxygen, endotracheal intubation was attempted using a Macintosh \#3 or \#4 laryngoscope blade depending on the ideal body weight of the patient. In every case, the endotracheal tube of size between 7.0 and 8.0 was used without the assist of a stylet.

Each operator rated the IDS score after he or she completed the intubation by scoring seven variables of IDS: additional attempts, additional operators, alternative intubation techniques, Cormack-Lehane grade, lifting force, laryngeal pressure, and vocal cord mobility ([Table 1](#T1){ref-type="table"}). An IDS = 0 corresponded to the minimum difficulty and an IDS \> 5 was consistent with a major difficulty intubation.

First, we evaluated the prevalence of difficult intubation according to the IDS score and the distribution of individual factors composing the IDS score within the study patients. Second, we examined the relationship between the major difficult intubation cases of IDS \> 5 with the each individual component of the IDS, patient factors of age, gender, body mass index (BMI), dental status, presence of bony degeneration and the grade of the attending anesthesiologist. The presence of a bony degeneration was defined according to the preoperative radiologic reading of the simple radiogram of the operation site by the radiologist. The readings confirming the presence of degenerative change or osteoarthritis were considered as bony degeneration \[[@B8][@B9]\]. Third, the relationship between the total IDS score with the each individual component of the IDS, patient factors of age, gender, BMI, dental status, presence of bony degeneration and the grade of the attending anesthesiologist were evaluated. And last, we examined the relationship between the Cormack-Lehane grade and the patient factors of age, gender, BMI, dental status, presence of bony degeneration and the grade of the attending anesthesiologist. The primary outcome measure was the prevalence of unexpected difficult intubation cases of IDS \> 5.

We used the student t-test or the Mann-Whitney-U test to compare continuous variables. For categorical variables the parameters were compared by the chi-square test with Yate\'s correction or the Fischer\'s exact test. A linear regression test was also used to test for possible relationships between the IDS score, presence of difficult intubation and other variables. Continuous variables were all first assessed for normality using the Shapiro-- Wilk test. P values less than 0.05 were considered statistically significant and two-tailed tests were used for all experimental outcomes. SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was used for statistical analysis.

Results
=======

Nine hundred and fifty one patients were included in this analysis. The demographic characteristics of the study patients are summarized at [Table 2](#T2){ref-type="table"}. The IDS scores of the study patients ranged from 0 to 12 and the median (25-75th percentile) IDS score of the total study patients were 1 (0-2). The number of patients presenting IDS score 0 was 433 (45.5%), between 1 and 5 was 463 (48.7%) and unexpected difficult intubation with the IDS \> 5 was 55 (5.8%) patients.

The distribution of individual factors composing the IDS scores within the study patients are shown at [Table 3](#T3){ref-type="table"}. The results of the linear regression presenting relationship between the IDS score, IDS \> 5 and the composing parameters of IDS are also presented ([Table 3](#T3){ref-type="table"}). Additional attempts of intubation, use of other alternative intubation techniques, the Cormack-Lehane grade, the use of additional lifting force during intubation and application of external laryngeal pressure was related to predicting higher total IDS scores. The Pearson\'s coefficient (R^2^) and sensitivity of the individual components of IDS are shown in [Table 3](#T3){ref-type="table"}.

Total 74 cases (7.8%) required alternative techniques to complete the intubation and the following alternative techniques were applied: the additional use of only a stylet in 69 cases; only the lightwand in 2 cases; a stylet first, then a lightwand was used in one case; a stylet, then a lightwand and finally fiberoptic assistance in one case; and in one case, the stylet was initially used, followed by supraglottic airway device and finally, a surgical tracheostomy was performed. The 3 cases that required more than 2 alternative techniques were all difficult intubation cases with the IDS \> 5. Fourteen of the 15 cases that required ≥ 3 attempts and 4 cases that required 2 more assistants were all difficult intubation cases with the IDS \> 5, respectively. There was no case of \'cannot ventilate, cannot intubate\'. The application of external laryngeal pressure or additional lifting force was the techniques most often used during intubation ([Table 3](#T3){ref-type="table"}).

The demographic characteristics including age, gender, height, weight, BMI, dental status, presence of bony degenerations and the grade of attending anesthesiologist did not show any correlations with predicting difficult intubation or high IDS score. For the relationship between patient characteristics and Cormack-Lehane grade, male patients demonstrated a significantly higher proportion of higher Cormack-Lehane grade compared with female patients (M : F = 74 \[21.2%\] : 80 \[13.3%\], \[P = 0.002\]) and other patient factors including age (P = 0.001), weight (P = 0.042) and BMI (P = 0.036) presented positive relationship with the Cormack-Lehane grade.

Discussion
==========

In the present study, we retrospectively evaluated the prevalence of unexpected difficult intubation by using the IDS system. Furthermore, by analyzing the individual components of IDS, we tried to figure out whether if difficult intubation could be predicted and find out what kind of modality were used by the attending anesthesiologists to overcome the unexpected difficult intubation cases.

Unlike previous studies that had classified intubation difficulty simply as \"difficult\" or \"not difficult\", studies using the IDS has evaluated the overall intubation difficulty over a range from easy intubation to difficult intubation \[[@B7],[@B10],[@B11]\]. Previously, an IDS score of 0 was defined as easy intubation without requiring specific efforts (i.e., comprising only one attempt, performed by one operator, using a single technique, and with full visualization of the laryngeal aperture), an IDS score between 1 and 5 was defined as minor to moderate difficulties and an IDS \> 5 was defined as major difficult intubation.

Adnet et al. \[[@B10]\] have reported that only 55% of the intubation cases demonstrated an IDS score of 0, and that 37% of the patients encountered during routine practice presented minor or moderate difficulties. The incidence of major difficult intubation with an IDS \> 5 reported in previous studies generally range between 8%--20% \[[@B10][@B11][@B12]\]. In this study the incidence of major difficult intubation (IDS \> 5) was 5.8%, which is relatively lower than previous reports. This reason seems to be due to our patient selection criteria. The patients expected for difficult intubation and presenting Mallampati grade 3 and 4 were excluded in our study, as the purpose of this study was to evaluate the prevalence of unexpected difficult intubation. For example, in the study of Seo et al. \[[@B11]\] the percentage of patients presenting Mallampati grade 3 or 4 was 17.5% and in the study of Adnet et al. \[[@B10]\] it was 8%. In another study which excluded candidates expected with difficult intubation like ours, the percentage of patients presenting IDS \> 5 was 3.1% when the metal Macintosh blade was used \[[@B13]\]. Even though an IDS score of 0 was 45.5% of our current cases, only a single intubation attempt was required in 91.5% of our study patients and most intubations were completed at the first attempt by applying a simple maneuver such as additional lifting force and laryngeal pressure. This is in accordance with previous reports as the success rate of an endotracheal intubation in the first attempt is shown to range around 95% \[[@B12][@B14]\].

When difficulty during intubation was encountered most of the anesthesiologists in our study initially applied simple maneuvers such as laryngeal pressure, additional lifting force or applying the stylet. This strategy follows the recommendation by the guidelines published by the Difficult Airway Society for unanticipated difficult intubation in an non-obstetric adult patient \[[@B15]\]. They recommend a series of plans applied to three different scenarios and if difficult intubation is encountered during a routine induction of anesthesia in an adult patient. The initial recommendation is changing to an appropriate head position and using simple external manipulations like applying laryngeal pressure or lifting force. Adding simple device such as a stylet is also recommended. Indeed in our study, 99.5% of the patients were successfully intubated by the primary recommended techniques and only 5 patients required additional back-up plans.

The laryngeal pressure on the thyroid cartilage is applied in a backward, upward, and slightly rightward direction. Backward and upward pressure makes the glottis lie in a more vertical laryngoscopic line of vision, and rightward displacement results in better visualization of the glottis. Accordingly, this maneuver has been established as a simple and successful technique that is most frequently used for dealing with an unpredictable or difficult intubation \[[@B16]\]. Alternative techniques were required in 7.8% of the total cases and the most frequently used technique was simply applying a stylet. Adding a stylet is a simple method that can be used without specific preparation or skills and indeed the most frequently used alternative technique when a difficult intubation is encountered \[[@B10]\]. The routine use of a stylet in an anesthetized patient is still a matter of debate. As shown in our data, if the stylet was used as a routine practice, the success rate of intubation at the first attempt would have been increased to a significantly higher rate, but there are concerns that the routine use of a rigid stylet may increase the risk of airway injuries \[[@B17]\].

In this study, patients with preanesthetic visit medical records that expected to have a difficult airway were excluded from the study. So the observed finding that could be utilized to predict difficult intubation before endotracheal tube insertion was the Cormack-Lehane grade and the vocal cord mobility. The Cormack-Lehane grade demonstrated a relatively high correlation for predicting total IDS score, but the correlation of vocal cord mobility and total IDS score was low. Difficult laryngoscopic glottis exposure, applying to the Cormack--Lehane grade 3 or 4, has long been used as one of the definition criteria for a difficult intubation and has an incidence ranging from 0.3% to 13.0% \[[@B18][@B19][@B20]\]. Our study results demonstrated that the Cormack-Lehane grade 3 or 4 is associated with the possibility of difficult intubation. This finding indicate that although the actual incidence of difficult intubation (5.8%) was lower than patients presenting grade 3 or 4 in the Cormack-Lehane grade (16.2%), the attending anesthesiologist should always prepare for difficult intubation when patients presenting high Cormack-Lehane grade is encountered. The factors associated with high Cormack-Lehane grade was male gender, increasing age, high weight and BMI. Obesity is a known risk factor for high Cormack-Lehane grade \[[@B21]\], but its correlations with difficult intubation is controversial\[[@B22]\]. Old age patient may present poor dental status, stiff joints of the neck and mandible as a result of degeneration and aging process, which may have resulted in the higher prevalence of incomplete exposure of the glottis \[[@B23]\].

There are several limitations of this study to be discussed. Although this study evaluated patients whom had no factors predicting difficult intubation at the preanesthetic visit, there is evidence that certain medical condition may predispose the patient to risk of difficult intubation \[[@B24]\]. The mean age of the study patients were 59 years and many had chronic medical conditions such as diabetes and hypertension. These medical conditions were well controlled in our study patients, but we cannot rule out whether they may have influenced the results. Second, the decision of difficult intubation in our study was established only using the IDS scale. The IDS system is well established scale for predicting and reporting intubation difficulty, but many other methods are present to predict or report difficult intubation \[[@B3][@B25]\]. If scales other than the IDS scale were used, the study results may have been different. Furthermore, the superiority of certain method is still not established \[[@B5]\]. For example, according to the ASA definition of difficult intubation which is 3 or more attempts, our results are 1.6% and if the Cormack-Lehane grade of 3 and 4 was used, it jumps to 16.2%. Another finding in our study results is that the grade of attending anesthesiologists did not influence the prevalence of IDS \> 5. This maybe because our study was a review of medical records and thus, routine care without modification was applied to the study patients. When a difficult intubation case was encountered and the primary attending anesthesiologist was a trainee (resident or fellow), then a supplementary faculty member gave further assist or changed with the trainee in these circumstances. This was possible because our hospital is a tertiary center and in smaller local clinics with insufficient personal, the results may have been different from ours. If the study was a prospective study performed with novices as the primary operator without assistant, the results also may have been different.

In addition, evidence on the use of a video assisted devices has been increased recently and the Practice Guidelines for Management of the Difficult Airway by the ASA has been recently updated acknowledging the introduction of the newer video assisted devices as an initial approach to intubation and one of the alternative approaches for difficult intubations \[[@B26]\]. Video laryngoscopes improve the visualization of the glottis \[[@B27]\], but do not always guarantee an improved overall success rate of intubation \[[@B28]\]. Whether the use of video assisted devices could reduce the rate of difficult intubation or improve the performance of intubation is unclear \[[@B29]\], but there is evidence that it decreases the Cormack-Lehane grade due to its larger angle of view compared with the traditional Macintosh direct laryngoscope \[[@B30]\].

In conclusion, unexpected difficult airway was present in 5.8% of patients and most was managed effectively by application of simple maneuvers and techniques. The Cormack-Lehane grade was most sensitive for predicting difficult intubation compared with other parameters of IDS. Further prospective studies to find more effective methods to predict difficult intubation and studies either utilizing video-assisted devices against conventional methods to lower the prevalence of unexpected difficult intubation are required.

###### Intubation Difficulty Scale (IDS)

![](kjae-69-244-i001)

  Parameter                             Points
  ------------------------------------- ---------------------
  Number of supplementary attempts      1 point each
  Number of supplementary operators     1 point each
  Number of alternative techniques      1 point each
  Cormack-Lehane grade minus one        0 to 3 points
  Lifting force required                Normal = 0 point
  Increase = 1 point                    
  External laryngeal pressure applied   None = 0 point
  Any = 1 point                         
  Vocal cord mobility                   Abduction = 0 point
  Adduction = 1 point                   

IDS score = Sum of points.

###### Demographic Characteristics of the Study Patients

![](kjae-69-244-i002)

  Patient characteristics                                
  ------------------------------------------------------ -------------------------------------
  Gender (M/F)                                           349 (36.7%)/602 (63.3%)
  Age (yr)                                               59.2 (15.8) (18--97)^\*^
  Height (cm)                                            158.9 (9.7)
  Weight (kg)                                            63.4 (11.1)
  Body mass index                                        25.1 (3.7)
  Dental status (normal/abnormal)                        786 (82.7%)/165 (17.4%)
  Bony degeneration (yes/no)                             528 (55.5%)/423 (44.5%)
  Attending anesthesiologist (Resident/Fellow/Faculty)   508 (53.4%)/218 (22.9%)/225 (23.7%)

The Values are Presented as Mean (SD) or Number (Percentage). ^\*^Indicates range.

###### Distributions of Intubation Difficulty Scale Parameters among the Study Patients

![](kjae-69-244-i003)

  Type of items                 Number of patients in each intubation difficulty scale   R2^\*^       Sensitivity (%)^†^                                
  ----------------------------- -------------------------------------------------------- ------------ -------------------- ---------- --------- ------- ------
  Additional attempts (N1)      870 (91.5)                                               66 (6.9)     10 (1.1)             2 (0.2)    3 (0.3)   0.488   87.3
  Additional operators (N2)     932 (98)                                                 15 (1.6)     4 (0.4)              0          0         0.212   27.3
  Alternative techniques (N3)   877 (92.2)                                               71 (7.5)     1 (0.1)              2 (0.2)    0         0.365   76.4
  Cormack-Lehane grade (N4)     505 (53.1)                                               292 (30.7)   127 (13.4)           27 (2.8)   \-        0.702   87.3
  Lifting force (N5)            761 (80)                                                 190 (20)     \-                   \-         \-        0.406   78.2
  Laryngeal pressure (N6)       664 (69.8)                                               287 (30.2)   \-                   \-         \-        0.452   87.3
  Vocal core mobility (N7)      927 (97.5)                                               24 (2.5)     \-                   \-         \-        0.093   21.8

The Values are Presented as Absolute Number (Percentage) or Percentage. ^\*^Adjusted R2 (Pearson\'s coefficient) presenting the relationship between total IDS score and components. Linear regression analysis was used. ^†^Indicates sensitivity of IDS components to predict difficult intubation (IDS \> 5) and the positive predictive value of each IDS component.
